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Distribution of N-acetyl-.D-glucosaminidase isoenzymes along the
rabbit nephron. Total N-acetyl-/3-D-glucosaminidase (NAG) activity
has been measured in microdissected glomeruli (G) and tubular seg-
ments [proximal convoluted tubule (PCT), pars recta (PR), medullary
thick ascending limb (MAL), and cortical collecting tubule (CCT)] of
the rabbit kidney, by a fluorimetric method using synthetic substrate.
Selective activity of the isoenzyme NAG B was also determined.
Isoenzyme profiles of NAG were obtained by electrofocusing on each
segment. Characterization of the isoenzymes was performed by chro-
matofocusing and thermosensitivity experiments on PCT. Total NAG
activity, mainly composed of NAG A, was low in glomeruli and two and
one-half to four times higher in PCT than in other segments, in which
comparable activities were found. NAG B was detectable all along the
nephron. It represented a very small fraction of total NAG, except in
PCT where it was more abundant (20 to 30%). Electrofocusing revealed
the presence of a minor form (NAG I) all along the nephron. Chromato-
focusing and thermosensitivity studies indicated that NAG I could
represent imperfectly solubilized NAG A rather than a well defined
entity. From these results, it could be suggested that the reported
increase in urinary excretion of NAG B after renal injury may reflect
the intensity of proximal tubular lesions.
Distribution des isoenzymes de Ia N-acetyl--D-glucosaminidase le long
du nephron de lapin. L'activité N-acetyl-13-D-glucosaminidase totale
(NAG) a été mesurée sur des glomerules (G) et des segments tubulaires
[tubule contourné proximal (PCT), pars recta (PR), anse large ascen-
dante médullaire (MAL), et tubule collecteur cortical (CCT)] de rein de
lapin, par une mesure fluorimétrique utilisant un substrat synthétique.
Nous avons aussi mesuré l'activitd selective de l'isoenzyme NAG B et
déterminé par électrofocalisation les profils isoenzymatiques de NAG,
sur chaque segment. La caractérisation des isoenzymes a étd rbalisée
sur des PCT, par chromatofocalisation et étude de leur thermosensibi-
lité. L'activité NAG totale, principalement composée de NAG A, est
basse dans les glomerules, et deux et demi a quatre fois plus haute dans
les PCT que dans les autres segments, sensiblement comparables entre
eux. NAG B est detectable tout le long du néphron, oü elle ne
représente qu'une très faible fraction de NAG totale, sauf dans le PCT,
oü elle est plus abondante (20 a 30%). L'électrofocalisation permet de
discerner une forme mineure (NAG I) tout le long du riéphron. Ii
pourrait s'agir, en réalité, de NAG A imparfaitement solubilisée, plutôt
que d'une entité bien définie, comme le suggèrent les experiences de
chromatofocalisation et de thermosensibilité. Ces résultats laissent a
penser que l'augmentation de l'excrétion urinaire de NAG B, décrite au
cours des lesions rénales, représente un indice de Ia profondeur des
lesions tubulaires proximales.
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The successive tubular segments forming the nephron are
composed of several epithelia with very different and specific
anatomical and functional characteristics [1, 2], which are
under intensive investigation. The understanding of renal func-
tion requires exact knowledge of the functional pattern of each
tubular segment. In this view, numerous studies are now
directed toward various functions of precisely defined nephron
segments, such as transport [3], hormonal action [4, 5], and
metabolic activities [61. In this line, microtechniques have been
developed to examine several enzymatic actions along the
nephron [61 to attempt to relate them to functional properties.
In this report, we relate the distribution along the nephron of
N-acetyl-J3-D-glucosaminidase (NAG), a lysosomal enzyme
which may contribute to glycoprotein metabolism [71. Previous
studies in the rat, using freeze-dried sections of kidney, indicat-
ed that NAG was mostly located in the proximal tubule [7, 8].
Our experiments were performed on freshly isolated tubular
segments of rabbit kidney obtained by microdissection. We
chose to work with the rabbit kidney, because this species is
particularly convenient for microdissection and no major inter-
species differences in isoenzymatic profiles of NAG appear to
be present in mammals [9].
Total NAG is composed of two NAG isoenzymes, NAG A
and NAG B, both of which are present in the renal cortex [10].
Consequently, we determined isoenzymatic profiles of NAG A
and B isoenzymes in microdissected segments of the rabbit
nephron. Knowledge of the localization of these two isoen-
zymes should be of particular clinical interest because urinary
excretion of NAG [11—14], especially NAG B [15, 16], is
considered an early indication of renal tissue injury.
Methods
Isolation of tubular segments. Tubular segments were isolat-
ed by microdissection from the kidneys of New Zealand white
female rabbits, 1.8 to 2.0 kg each, according to a method
previously described [17], Rabbits were fed a normal standard
diet. They were sacrificed by a blow behind the neck. Immedi-
ately after, the left kidney was perfused via the renal artery with
20 ml of an ice-cold solution consisting of NaCI, 137; KC1, 5;
MgSO4, 0.8; Na2HPO4, 0.33; KH2PO4, 0.44; MgCl2, 1; CaCI2,
1; D-glucose, 5; Tris-HC1, 10; all in millimolar concentrations
pH, 7.4, followed by 10 ml of the same solution to which 0.1%
collagenase (Worthington, 150 U/mg) was added. This collage-
636
NAG isoenzymes along the nephron 637
nase solution was injected under pressure, after ligation of the
ureter and renal vein, up to the rupture of the renal capsula.
Thin pyramid pieces (10 mg) including cortex and medulla were
cut and incubated at 37°C for 30 mm in the collagenase solution.
Afterwards, pyramids were transferred into the microdissection
solution (similar to the incubation solution except for the
absence of collagenase and inclusion of 0.25 mM CaCI2 instead
of 1 mM) maintained at 4°C. Microdissection was performed at
4°C, under stereomicroscopic observation. The following seg-
ments were isolated: glomeruli (G), proximal convoluted tubule
(PCT) in the midportion, pars recta (PR) of the proximal tubule
in their terminal portion, medullary ascending limb (MAL) of
the loop of Henle in the first portion, and branched cortical
collecting tubules (CCT). Our CCT samples include both the
branched portion corresponding to what is classically referred
as "connecting tubule" and more distal portions of CCT. Pools
of 100 or 200mm of each category of tubular segments, or of 100
glomeruli, were collected and centrifuged (Jouan E96, x600g)
for 5 mm. The supernatant was discarded and tubular segments
(pellets) were resuspended in 200 d phosphate buffer (0.01 M,
pH 7). Samples were kept at —70°C up to the time enzyme
activity was determined.
Preparation of tissue samples. Nonionic detergent Nonidet
P40 was added (final concentration, 2%) to samples correspond-
ing to 100 to 200 mm of tubular segments, in 0.2 ml sodium
phosphate buffer (10 mM, pH 7). Samples were shaken for 30
mm at 4°C; they were sonicated three times for 15 sec (Sonica-
tor MSE, PG100, Crawley, England) and centrifuged (Epperi-
dorf, Hamburg, West Germany), 3000 RPM for 5 mm.
Determination of NAG activity. NAG activity was measured
on the supernatant of the sonicated samples. Aliquots (25 d)
were incubated for 20 mm at 37°C in 0.5 ml of the substrate [2.5
mM methyl-4-umbelliferyl-/3-D-N-acetylglucosaminide (Sigma
Chemical Company, St. Louis, Missouri), in sodium citrate-
citric acid buffer, 100 mM, pH 4.5] to which bovine serum
albumin (BSA, 1 g/liter, Miles Laboratories, Elkhart, Indiana)
was added. Enzymatic reaction was stopped by adding 2.5 ml of
glycine-sodium hydroxyde buffer (400 mM; pH 10.8). The
fluorescence of the 4-umbelliferone released was measured with
a spectrofluorimeter (Perkin-Elmer, Norwalk, Connecticut), by
comparison to a blank (excitation and emission wavelengths:
368 and 448 nm, respectively).
Both the thermostability of NAG at 37°C [10, 18] and the fact
that only a very small proportion of the substrate present in the
incubation medium is hydrolyzed during the reaction ensured
that the determination of enzyme activity is measured at the
steady-state of the reaction. This has been checked on PCT
samples where the release of methyl-4-umbelliferone was well
correlated with either incubation time or amount of tubular
samples.
The results are expressed as nanomoles of methyl-4-umbelli-
ferone released per hour and per 100 mm tubular length or per
100 glomeruli. In addition, results were also expressed per
nanomole per hour per milligram of protein, using protein
content per millimeter of tubular length or per glomerulus as
reported by Vandewalle et al [19] and Shimada, Endou, and
Sakai [20].
Selective determination of NAG B isoenzyme activity. NAG
B activity was measured by a method adapted from that
described for the determination of urinary NAG A and B
isoenzymes [21]. Aliquots (50 jd) of tissue samples were added
to 250 tl of 20% DEAE Trisacryl-M gel equilibrated with
sodium phosphate buffer (10 mM, pH 7) which retains NAG A.
The suspension was gently stirred for 15 mm in a shaker
(Cenco). After centrifugation (Eppendorf, 3000 rpm, for 5 mm),
NAG B activity was measured by the incubation of 100 d
supernatant for 1 hr at 37°C in the incubation solution described
above. NAG B activity is expressed as nanomoles of methyl-4-
umbelliferone released per hour and per 100 mm tubular length
or per 100 glomeruli or per milligrams of protein.
Electrofocusing. Electrofocusing experiments were carried
out with ampholine PAG plates (LKB), using 5% acrylamide
gels and an ampholyte gradient, with a pH range of 3.5 to 9.5.
Aliquots (20 pi) of tissue sample were focused together with a
hemoglobin internal standard at 1100 V and 25 watts for 2 hr at
8°C.
After focusing, gel was sliced over its entire length in 0.5-cm
segments. Gel fragments were placed into 0.5 ml citrate buffer
(pH 4.5) containing 1 g/liter BSA. After diffusion for 18 hr, 0.1
ml methyl-4-umbelliferone-p-D-acetylglucosaminide, 2.5 mM,
was added for incubation at 37°C for 6 hr.
Separation of NAG isoenzymes from PCT by chromatofocus-
ing. PCT samples (500 mm in 1.0 ml) were deposited in a 100-ml
column (PBE 94, Pharmacia Diagnostics, Uppsala, Sweden)
equilibrated with imidazole HC1 25 m buffer (pH 7.4). The
column was eluted using polybuffer 74-HCI (pH 4), as recom-
mended by the manufacturer ("Chromatofocusing with poly-
buffer TM and PBE TM," Pharmacia). After the pH gradient,
the column was further eluted with polybuffer 74-HCI, pH 4,
100 mtvi NaC1. NAG activity and pH were determined on each
eluted fraction (2 ml).
Thermic inactivation. Fractions exhibiting enzymatic activi-
ties corresponding to molecular types isolated by chromatofo-
cusing were pooled and concentrated on Minicon cells and
submitted to thermic inactivation. This inactivation was per-
formed at 50°C, pH 4.5, in the presence of 0.1% BSA.
Effect of collagenase. In preliminary experiments, we
checked the effect of collagenase treatment on NAG recovery.
These experiments were performed on supernatant from ho-
mogenates of kidney cortex, either without incubation or incu-
bated at 30°C for 1 hr in the presence or absence of collagenase.
Table 1 illustrates the results. A slight, insignificant, reduction
in total NAG activity occurred after incubation. The presence
of collagenase had little effect on enzyme recovery. Figure 1
shows the isoenzymatic profiles, after electrofocusing was
obtained from the supernatant of untreated cortex and papilla
homogenates. Two NAG peaks were detected, at p1 5.6 0.2
for NAG A and at 7,5 0.2 for NAG B. In addition to these two
major forms, a peak of small magnitude (NAG I) was detected
at pH 6.4 0.2 in the cortex. The same isoenzymatic profile
was found after incubation of the cortex at 30°C for 1 hr in the
presence or absence of collagenase.
Effect of sonication and Nonidet. The effect of sonication and
Nonidet on the recovery of NAG activity has been tested on
samples of isolated proximal tubules (PCT). Both Nonidet and
sonication slightly increased total NAG activity as shown in
Table 2. This treatment is essential to ensure a good solubiliza-
tion of enzyme activity, as evidenced by electrofocusing. When
PCT samples were simply frozen and thawed, only a partial
solubilization of enzyme activity was achieved; almost 50% of
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Homogenates of cortex NAG activity
Nonincubated cortex 100%b
Cortex incubated 1 hr at 30°C in
presence of collagenase 84%
Cortex incubated 1 hr at 30°C
without collagenase 74%
Results are given as percentages of NAG activity in nonincubated
cortex.
b This activity represents 4.97 mo1es/hr/mg of protein.
NAG activity did not migrate and could be detected at the
origin, after electrofocusing. Furthermore, in this condition,
NAG B isoenzyme was almost undetectable. After sonication in
the presence of Nonidet P40, only a small percentage of the
enzyme activity remained detectable at the origin.
Table 3 illustrates the influence of the quality of solubilization
on the reproducibility and interpretation of the isoenzymatic
profile determined by electrofocusing. These experiments have
been performed on three samples of PCT, 100 mm each, which
have been sonicated in the presence of Nonidet, and submitted
to electrofocusing. In this table is indicated the percentage of
total NAG activity which did not migrate and the amount of the
three isoenzymes detected, A, I, B, as a percentage of the total
NAG activity which migrated on the gel. In two out of the three
samples (PCT1 and PCT2) less than 5% of the NAG activity
remained at the origin. In these cases, isoenzymatic profiles
were very comparable, with a large predominance of NAG A as
compared to NAG B (B over A ratio: 0.44 and 0.43), and very
low or undetectable NAG I. In contrast, on the third sample
(PCT3), 20% of the initial NAG activity did not migrate, due to
Isolated tubular segments NAG activity
PCT 100%
PCT sonicated in the absence
of Nonidet 110%
PCT sonicated in the presence
of Nonidet 127%
PCTI <5% 66 5 29 0.44 0.41 1.94
PCT2 <5% 70 — 30 0.43 0.43 2.33
PCT3 20% 41 37 22 0.53 0.28 0.69
insufficient solubilization. In this case, NAG A activity was
clearly lower and an important fraction of NAG activity ap-
peared as the intermediate form NAG I.
For these reasons, only samples which have been well
solubilized (migration superior to 90%) will be considered in the
Results section. Such a good solubilization was achieved for
about 60% of the tubular samples.
Results
Distribution of total NAG and isoenzyme NAG B activity
along the nephron
Figure 2 gives total NAG activity in samples of 100 glomeruli
or 100 mm of various tubular segments. NAG activity varies
along the nephron. Highest values were found in PCT. When
expressed per unit length or number of glomeruli (left panel),
this value (47 nm/hr) was two to four times higher in PCT than
in other nephron segments; the difference was statistically
significant in each case (P < 0.01 or < 0.001). The lowest value
was found in glomeruli. No significant difference was present
between G, PR, MAL, and CCT. When expressed per milli-
grams of protein, the overall distribution is roughly similar.
However, differences between PCT and other segments are
reduced, due to the highest protein content per unit length in
PCT. This is particularly clear for G and CCT. Differences
remained significant between PCT and G, PR and MAL (P <
0.025), but did not reach statistical significance (P < 0.10)
between PCT and CCT. Absolute values of total NAG in PCT
(mean value = 2.1 /Lmoles/hr/mg protein) are in the same order
of magnitude as those found in the collagenase-treated cortex
homogenate (4.17 xmoles/hr/mg protein).
In one microdissection series where criteria of good solubili-
zation (as tested by electrofocusing) were fulfilled for every
Table 1. Effect of collagenase on the recovery of NAG activity from
cortex homogenate
Table 2. Effect of sonication and Nonidet P40 on the recovery of
NAG activity from PCT samplesa
IF
NAG A
° Results are given as percentages of NAG activity in untreated PCT.
Table 3. Effect of solubilization on the relative activity of each NAG













a PCT1 and PCT2 correspond to well-solubilized samples (less than
5% of NAG activity remaining at the origin). PCT3 corresponds to
incomplete solubilization (20% of NAG activity remaining at the origin).
In this latter condition, one observes a decrease in NAG A and an





Fig. 1. Electrofocusing profile of NAG activity in kidney cortex homog-
enates, incubated without collagenase. Abbreviations and symbols are:
IF, intensity of fluorescence in arbitrary units; closed circles, the pH of
each fraction; solid line, cortex; dotted line, papilla.
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glomerular or tubular samples, selective measurement of NAG
B has been performed. Results are given in Figure 3. NAG B
isoenzyme activity was detectable all along the nephron, with a
clear prevalence in PCT. Expressed per millimeter of tubular
length, values in PCT were 3.5 to 9 times higher than in other
segments. As for total activity, differences were less marked
when results were corrected for the protein content.
Isoenzyme profiles of NAG activity along the nephron
Figure 4 exemplifies isoenzymatic profiles of glomerular and
tubular segments, as obtained by electrofocusing. All samples
belong to the same microdissection experiment, in which crite-
ria of good solubilization were present for each sample. Sam-
ples correspond to pools of 10 glomeruli or 10 mm of tubular
length. It is noticeable that, for PCT, the observed profile was
quite comparable to that described in Table 3 for well solubi-
lized PCT samples. Electrofocusing data confirmed the results
presented in Figures 2 and 3, that is, the presence of the two
isoenzymes A and B in all nephron segments, with a clear
prevalence of the A form in each case. The relative proportion
of NAG B varied somewhat from one segment to another. As
compared to electrofocusing data from cortex homogenate (Fig.
1), the relative proportion of NAG B, in this particular experi-
ment, was slightly higher in G and PCT, and somewhat lower in
PR and MAL. When measured by electrofocusing, this propor-
tion was comparable to that obtained by direct measurement of
total NAG and NAG B activities (Figs. 2 and 3) except for MAL
where the proportion of NAG B is less important in the former
case. The intermediate form NAG I, detected in the isoenzy-
matic profile of cortex homogenate, was found again all along
the nephron, except in PR.
Isolation and characterization of NAG isoenzymes
Since solubilization conditions appear to be critical for the
magnitude of NAG I peak (Table 3), we isolated the three
isoenzymatic forms by chromatofocusing to attempt to identify
NAG I, as compared to NAG A and NAG B. This was done on
PCT, which is the tubular segment where enzyme activity is the
highest and where the three isoenzymatic forms are clearly
present. Chromatofocusing is particularly adapted to the sepa-
ration of a mixture of isoenzyme forms hardly separable by a
conventional ion exchange chromatography [221. The elution
position of a protein by this method will be determined at a pH
different from its p1, measured by electrofocusing [23]. Thus,
after passage of NAG B which is not fixed by the column in the
buffer conditions, NAG I is eluted in the last third of the pH
gradient (7.4—4) imposed on by the polybuffer. After the end of
the gradient pH, NAG A is eluted by polybuffer 74-HC1, pH 4,
100 ml NaCl, With this method, the three NAG isoenzymatic
forms are clearly separated in three peaks, as shown in Figure
5. Results of thermic inactivation experiments of the three
isoenzymes, at 50°C, are shown in the inset of Figure 5.
Inactivation curves of NAG A and NAG I are quite compara-
ble; both of them clearly differ from that of NAG B, which is
more thermostable.
Discussion
The aim of this work was to contribute to the knowledge of
enzymatic activities of the different segments forming the
nephron, by measuring NAG activity in isolated glomeruli and
tubular segments. The different parts of the nephron possess
various enzymatic equipments, according to their specific func-
tion [61. Concerning lysosomal glycosidases, and namely NAG,
the preferential localization of this enzyme along the proximal
convoluted tubule, in the rat as well as in the rabbit, could be
related to the contribution of this nephron segment to glycopro-
tein reabsorption [7, 81. We also studied the repartition of the
two isoenzymes NAG A and NAG B on nephron segments. As
a matter of fact, the presence of different isoenzymes in variable
proportions in the different segments, or the selective localiza-
tion of one or the other form in some peculiar defined segment
could help the interpretation of urinary enzymatic profiles in
human kidney diseases.
NAG activity could be detected in all the rabbit nephron
segments studied. Highest values of NAG were found in PCT,
whereas NAG activity was low and almost comparable in G,
nmoles/hr/mg protein
Fig. 2. Distribution of total NAG activity
along the nephron. Each bar is the mean
value SEM for one particular segment.
Numbers below bars give the number of
determinations. In the left panel, results are
expressed per 100 mm tubular length or 100
glomeruli. In the right panel, results are
expressed as a function of the protein content
of each segment. Abbreviations are: G,
glomeruli; PCT, proximal convoluted tubule;
PR, pars recta; MAL, medullary thick
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PR, MAL, and CCT (Fig. 2). It was not possible to collect
sufficient amounts of distal tubules (DCT) and medullary col-
lecting ducts (MCT) to perform enzyme assays. However,
indirect information concerning MCT can be drawn from ex-
periments performed on papilla homogenate (Fig. 1), since
papilla contains only MCT and thin limbs of the Henle' s loop. It
appears in Figure 1 that the isoenzymatic profile is similar in
papilla and cortex, except for the complete absence of NAG I in
papilla. The lower values in papilla than in cortex can be
compared to the lower values in microdissected medullary
segments (PR and MAL) than in proximal tubule. The distribu-
tion of NAG isoenzymes in rabbit kidney, determined on
freshly dissected tubular segments, is comparable to that ob-
tained on tubular samples dissected out of freeze-dried rat
kidney slices [7, 8].
Selective measurement of NAG B activity after fixation of
NAG A on ion exchanger (Fig. 3) as well as isoenzymatic
profile of NAG activity (Fig. 4) in each nephron segment
revealed an almost exclusive localization of NAG B in PCT,
with very low values in other segments, 3.5 to 9 times lower
than in PCT.
We also detected an isoenzymatic intermediary form, NAG I,
both in whole cortex homogenate (Fig. 1) and in individual
nephron segments (Fig. 4). Such an intermediary form has been
described in mammalian serum and tissue [9, 18] and found in
the urine of patients with renal diseases, particularly during
renal ischemia [24]. The isoenzymatic profiles obtained by
electrofocusing are confirmed by chromatofocusing which al-
lowed the isolation of an intermediate isoenzyme in PCT
samples in addition to NAG A and NAG B (Fig. 5). In
mammals, the molecular forms of the isoenzymes NAG A and
NAG B cannot be differentiated by their kinetic parameters but
can be separated according to electrical charge and thermosen-
sitivity [18]. In our experiments on the three NAG isoenzymatic
forms from PCT, thermic inactivation allowed us to clearly
differentiate NAG A and NAG B (Fig. 5, inset). Concerning
NAG I, its thermosensitivity was very comparable to that of
NAG A; both of them differed from that of NAG B. Besides, the
variations of the magnitude of the NAG I peak, in relation to the
differing degrees of solubilization, affect the B/I + A ratio much
less than the A/B + I ratio (Table 3). Thus, if one cannot
Fig. 3. Distribution of NAG B activity along
the nephron in glomerular and tubular
samples from the same kidney. In the left
panel, results are expressed per 100 mm
tubular length or 100 glomeruli. In the right
panel, results are expressed as a function of
the protein content of each segment.
Abbreviations used are the same as those used
in Figure 2.
exclude the existence of a well-defined NAG I isoenzyme in the
rabbit nephron, it may be more likely that this minor form,
observed by electrofocusing, rather corresponds to a portion of
aggregated or incompletely solubilized NAG A, leading to a
slight charge modification of the major NAG A isoenzyme.
Next we need to examine whether or not the present results
are susceptible to contribute to the interpretation of enzymuria
data in normal humans and during renal injury. Indeed one
cannot directly extrapolate our results obtained in the rabbit to
data from the human kidney. However, comparisons seem
reasonable because isoenzymatic profiles of NAG appear very
similar to various mammalian species [9]. In particular, they did
not differ in the present study on the rabbit kidney and in that of
Tucker, Pierce, and Price [16] on the human kidney, for cortex
as well as papilla. In addition the distribution of NAG along the
nephron appears quite similar in our study to that of Le Hir,
Dubach, and Schmidt [7] and Le Hir and Dubach [8] on another
species, the rat.
Urinary excretion of enzyme originating from renal tissue.
and particularly of NAG, is considered an indication of renal
disease [15, 16] and could even precede other symptoms of
renal damage [12—14]. In normal humans NAG enzymuria is
constituted almost exclusively by the isoenzyme NAG A [15,
16], despite the fact that the isoenzymes NAG A and B are
present in roughly equivalent amounts in human renal cortex
[10]. Renal injury is accompanied by an increase in total urinary
NAG activity and by the appearance of the NAG B isoenzyme
in urine [15, 16]. In our experiments, both the greatest total
NAG activity and the greatest proportion of NAG B are present
in PCT. However, the isoenzymes NAG A and B are also
present in other segments but in smaller amounts. To attribute
the excretion of one or the other isoenzyme to damages of such
or each particular nephron segment, it would be necessary that
this particular nephron segment contains only this isoenzyme
and not the other form. Since this is not the case, one cannot
relate with certainty the isoenzymatic profile of enzymuria to
the damage of a particular nephron site. However, the preva-
lence of NAG A and even more of NAG B in PCT argues for the
notion that modification of enzymuria and urinary isoenzymatic
profile reflect mainly lesions of proximal tubules.












G PCT PR MAL CCT PCT PR MAL CCT
NAG isoenzymes along the nephron 641
Fig. 4. Isoenzymatic profiles of NAG activity along the nephron as
determined by electrofocusing in glomeruli and tubular segments from
the same kidney. IF represents the intensity of fluorescence in arbitrary
units. The closed circles represent the pH of each fraction. Abbrevia-
tions used are the same as those used in Figure 2.
amounts by a physiological process of exocytosis, all along the
nephron [25]. In a normal state, urinary isoenzyme profile
reflects the isoenzyme profile of whole renal cortex, with low
amounts of NAG B (lower than in PCT). In addition, the low
proportion of urinary NAG B may be accentuated by another
mechanism: NAG A is mainly located in the soluble intralyso-
somal compartment, whereas NAG B is essentially localized in
the lysosomal membrane [26], a possible further explanation of
the low excretion of NAG B during the normal exocytosis
process. A renal damage, affecting predominantly PCT, would
lead to an increase in total NAG excretion, together with an
increase of the proportion of NAG B in urine, because the
proportion of NAG B is higher in PCT than in other segments.
In addition, if enzymuria results from liberation of proximal
tubule necrotic cells in tubular lumen, the proportion of NAG B
released should be increased as compared to that occurring via
the normal exocytosis process. In this condition, the urinary







Fig. 5. Chromatofocusing of NAG activity from PCT samples. Thermo-
stability of the three isoenzymes NAG A, NAG I, and NAG B, at 50°C,
is given in the inset. IF represents the intensity of fluorescence in
arbitrary units. The closed circles represent the pH of each fraction.
In conclusion, the present study shows that, in the rabbit
kidney, the total NAG activity is largely predominant in the
proximal convoluted tubule, with a greater proportion of NAG
B than in other segments, which could be related to the
contribution of this segment to glycoprotein reabsorption. In
addition, present data on the isoenzymatic profile of NAG along
the nephron suggest that the reported increase in NAG B
urinary excretion during renal damage could indicate the inten-
sity of proximal tubular lesions.
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